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At  the  present  time  in  addition  to  hot-setting  eroxy  resins  cold-set tin*  resins 
are  also  acquiring  grent  importance,  ag  a  rule,  aliohatic  amines  -  nexaireth  j  lene- 
diamine,  oolyethylenepolyamine  etc  -  are  used  as  curing  agents  fox  these  resins. 
The  compounds  obtained  in  this  case,  however,  are  very  viscous,  have  low  impreg¬ 
nating  capacity  and  are  not  technologically  satisfactory  in  service.  Their  setting 
involves  the  use  of  toxic  curing  agents,  and  the  cured  ccrrrounds  do  not  nave  very 
high  physico-chemical  or  mechanical  indices  (Kefs  1-5). 

Epoxy-r olyester  resins  into  which  anhydrides  of  dicarbonic  acids  have  been  intro¬ 
duced  may  also  be  used  as  cold-setting  compounds,  though  hi*h  indices  in  these 
coToounde  are  achieved  by  high-ten uerature  processing  (Ref  4). 

Of  considerable  interest  are  cold-setting  acrvlate-eroxv-styrene  compounds  (i'.ef  5) 
which  have  satisfactory  technological  characteristics  in  service  and  do  not 
require  toxic  curing  agents.  As  these  compounds  are  used  to  produce  filled  poly¬ 
mers  it  is  worth  examining  the  behaviour  of  the  ooundary  layers  of  acrylate- 
epoxy-styrene  compounds  on  different  solid  surfaces  depending  on  the  nature  of 
the  initial  components. 

In  the  present  investigation  we  studied  the  molecular  mobility  of  the  polymer 
chains  of  various  acrylate-ecoxy -styrene  compounds  depending  on  the  nature  of 
the  initial  components,  and  also  elucidated  the  nature  of  changes  of  molecular 
mobility  in  the  boundary  layers  on  surfaces  of  silica  flour  and  glass  fibre  to 
assess  their  effect  on  the  properties  of  filled  materials.  As  the  cured  cor  pounds 
under  investigation  contained  different  amounts  of  low-molecular  impurities 
(water,  unreacted  initial  monomers)  depending  on  the  acrylate  component,  we 
elucidated  the  effect  of  low-molecular  impurities  on  the  course  of  the  relaxation 
processes  in  the  surface  layers  on  different  types  of  surfaces. 

Specimens  and  Method  of  Measurement 

15,  Studied  th,  dielectric  end  spin-lettice  relaxation  of  cold-setting  acrylate- 
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epoxy-styrene  compounds  in  bulk  and  in  the  surface  layers  on  surfaces  of  silica 
flour  and  glass  fabric.  One  of  the  features  of  this  comound  is  that  the  curing 
agent  err  ployed  is  a  copolymer  of  methacrylic  (acrylic)  acid,  styrene  and  methyl¬ 
methacrylate  (methylacry late ,  butylacryla te )  obtained  in  the  Dresence  of  a  redox 
system  of  benzoyl  neroxide  and  dimethylaniline.  The  cooolymer  is  formed  in  the 
reaction  mixture  containing*  all  the  initial  components  in  the  first  stage  <  .^efs 
5,  6),  and  this  is  followed  by  the  reaction  in  which  a  cross-linked  polymer  is 
formed  by  opening  of  the  epoxy  groups,  ‘ike  copolymer  contains  sufficient  carboxyl 
groups  to  cure  the  epoxy  resin,  this  reaction  being  catalysed  by  the  dimethyl- 
aniline  and  promoted  by  the  exothermic  reaction  of  copolymer  formation. 

The  following  compounds  were  investigated: 

1.  kesin  2D- 6  :  styrene  :  methylmethacrylate  :  methacrylic  acid  =  4:3:2:1 

2.  kesin  2D-b  :  styrene  :  butylacrvlate  :  acrylic  acid  -  4:3:2: C.8 

3.  kesin  £ D-o  :  styrene  :  methylacrylate  :  acrylic  acid  r  4:3;2:C.k. 

All  the  initial  monomers  were  suojected  to  distillation  an^  cnecked  for  on  a 
refrac tometer.  The  reinforcing  glass  fabric  was  degreased  witn  toluene.  The 
silica  flour  and  glass  fabric  were  heated  in  a  muffle  furnace  at  40C°C  for  C.5  h, 
after  which  they  were  vacuum-dried  at  110°C  for  6  h.  To  prevent  the  fillers  from 
absorbing  moisture  from  the  environment,  they  were  kept  after  vacuum  drying  in 
a  vacuum  in  a  vacuum-drying  cabinet  until  they  were  fully  cooled,  and  filling 
of  the  specimens  was  carried  out  in  this.  The  dry  fillers  were  coated  with  freshly 
prepared  reaction  mixture  which  has  a  very  low  viscosity,  as  Ui«*  styrene  and 
methylmethacrylate  (methylacrylate,  butylacrylate)  were  at  the  same  time  both 
initial  monomers  of  the  compounds  nroduced  and  reactive  solvents.  After  careful 
mixing  of  the  silica  flour  (particle  size  20  -  40  j^m)  and  the  reaction  mixture, 
and  impregnation  of  the  glass  fabric  with  the  reaction  mixture,  setting  was 
carried  out  in  condenser  cells  made  of  stainless  steel.  The  specimens  for  NKR 
measurements  were  cured  in  closed  ampoules*  2ilms  were  poured  on  a  lavsan 
(terylene)  substrate.  With  all  these  specimens  of  acrylate-epoxy-styrene  compounds 
the  cross-linking  reaction  was  carried  out  in  an  air-free  environment.  Measure¬ 
ments  were  carried  out  in  a  vacuum.  The  ratios  of  the  components  for  com round: silica 
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flour  and  glass  fabric  :compound  were  1:1.*?  and  1:1  respectively,  'ho  filled  and 
unfilled  specimens  of  eacn  compound  were  prepared  with  the  same  reaction  mixture. 

The  spin-lattice  relaxation  times  were  measured  by  the  Carr-*  urcell  zero  method 
using  a  nulse  snectrometer  operating  on  a  frequency  o:'  MHz.  e  used  an  hhH 

■spectrometer*  type  n'i a  2301  modified  for  uulse  metnod  ooeration.  dielectric 
measurements  were  made  with  a  TH-97C1  instrument  using  an  F-boO  7,ero  indicator  and 
a  VM-344  generator  in  the  temperature  interval  -190  to  +130°C. 

Hesults  and  Discussion 
1.  relaxation  Processes  in  <ulk 

As  may  be  seen  from  the  temperature  dependences  of  tan  i  (^’i-  1)  tnree  relaxation 
processes  are  characteristic  of  the  compounds  examined  in  bulk:  a  process  due  to 
chain  segment  mobility  in  the  region  of  bG  -  90°C;  a  dipole-mrcu o  process  at  -l40 
tc  145°C;  and  a  process  at  f  ^0°C  due  to  the  mobility  of  units  (parts  of  chains 

and  their  branches)  smaller  than  segments  and  larger  than  the  kinetic  units  pro¬ 
ducing  the  dipole-mrouu)  process. 

Consideration  of  the  hi**h-terrpersture  relaxation  process  shows  that  substitution 
of  the  acrylic  components  in  the  systems  leads  to  noticeable  changes  in  molecular 
mobility  and  in  the  absolute  value  of  tan  at  the  maximum.  The  lowest  molecular 
mobility  is  found  in  the  system  containing  methylacrylate  am  acrylic  acid  (Fig  1, 
curve  3)«  *‘hen  butylacryiat e  is  used  instead  of  methylacrylate  the  mobility  of 
the  chain  segments  of  the  compound  increases,  with  a  shift  of  the  maximur  of  tan  5 
to  higher  temperatures  amounting  to  11°.  For  compounds  based  on  methylmethacrylate 
and  methacrylic  acid  segmental  mobility  is  somewhat  greater  (Fig  1,  curve  1),  and 
as  the  amount  of  dimethyianiline  is  reduced  tne  tan  £  maximur:  shifts  to  lower 
temperatures  (curves  4,  l),  which  may  be  accounted  for  by  a  lower  degree  of  cross 
linking  in  the  system.  Fig  1  shows  that  compounds  basea  on  butyiac rylate  and 
methylacrylate  have  values  of  tan  X  at  the  maximum  greater  by  one  order  (curves 
3,  2).  Snecial  attention  should  be  dravn  to  the  fact  that, for  the  cold-settinr 
acrylate-eroxy-styrene  compounds  we  studied,  the  high-temperature  relaxation 
process  is  very  distinct  and  is  associated  with  a  hign  amolitude  of  the  tan  $ 

maximum •  This  is  not  observed  in  cross-linked  systems  basea  on  enoxy  resins  and 
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polyethylenepolyamine.  The  occurrence  of  clearly  marked  iraxima  of  high  value  is 
exnlained  by  the  fact  that  the  process  of  relaxation  of  the  segments  is  mainly 
due  to  the  existence  of  parts  of  chains  of  the  styrene/acrylate/acrylic  acid 
corolymer  cross-linked  in  a  sDatial  structure  by  chains  of  epoxy  resin.  This  can 
be  seen  from  a  fragment  of  the  compound 
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where 

CH, 

The  results  of  studies  of  tne  molecular  mobility  of  acrylate-er>oxy-6tyrene  com¬ 
pounds  using  dielectric  measurements  are  corroborated  by  results  obtained  from 
spin-lattice  relexation  times  vi'ig'  ?,  ey. 

II.  Molecular  Mobility  of  Macrochains  in  the  Surface  Layers. 

Studies  of  the  molecular  mobility  in  the  surface  layers  of  acrylate-eroxy-stvrene 
cold-setting  compounds  showed  that  changes  in  relaxation  nrocesses  in  the  boundary 
layers  are  independent  of  the  nature  of  the  surface  (Refs  7-9).  furthermore, 
the  findings  described  below  also  show  that  there  is  rigidification  of  the  polymer 
chains  due  to  adsorptive  interaction  and  reduction  of  the  conformation  set  of 
polymer  chains  at  the  surface,  and  also  that  the  presence  of  low-molecular  impuri¬ 
ties  has  a  significant  effect  on  changes  in  the  prooerties  of  the  polymer  in  the 
surface  layer. 

Fig  J,  a  shows  that  on  the  surface  of  the  glass  fabric  and  the  silica  flour  there 
is  a  shift  of  the  relaxation  process  of  the  chain  segments  of  the  compound  con¬ 
taining  methylmethacrylate  and  methacrylic  acid  to  higher  temperatures,  amounting 
to  18°  at  the  surface  of  silica  flour,  and  9°  at  the  surface  of  the  glass  fabric. 
v,e  account  for  tha  significantly  smaller  shifts  on  the  surface  of  the  glass  fabric 
filler  by  the  fact  that  the  percentage  of  glass  fabric  used  as  a  filler  is  signifi 
cantly  lower  than  that  of  silica  flour  (tha  glass  fabrie  :  compound  ratio  was  1:1, 
whereas  tha  allies  flour  :  compound  ratio  was  1#$:1),  i.a.  tha  thickness  of  the 
surfaee  layer  of  the  polymer  on  the  glass  fabric  is  greater  than  it  is  on  the 
allies  flour.  In  other  words,  tha  total  surface  of  Interaction  between  silica  flour 
and  polyssr  is  greater  than  tna  total  contact  surface  between  glass  fabric  and 
polyaar. 

A  prlaeipal  fsetor  affsetiag  the  reduction  of  the  temperature  shifts  of  the  tan  S 


maximum  in  the  surface  layer  at  the  surface  of  the  glass  fiure  filler  in  this 
case  is  the  fact  that  in  the  surface  layer  on  the  surfac  of  th  *  silica  flour 
the  amount  of  1  ow-molecu]  ar  impurities  is  about  o.\>  tires  lower  than  in  the 
surface  layer  on  the  glass  fabric  surface.  The  amount  of  low-molecular  impurities 
in  the  adry lat e-eroxy-styrene  con  rounds  in  bulk  and  in  the  surface  layers  was 
determined  bv  weighing  after  vacuum  treatment  for  1C  Hours  at  roo/r  terrerature 
and  for  9  hours  at  68°C  (vacuum  of 

For  the  same  system  based  on  methy lmethacryla te  ar.  1  methacrvlic  rci*d  the  diode- 
group  process  shifts  to  lower  temperatures  by  28°  on  the  silica  flour  surface, 
and  by  24°  on  the  surface  of  the  glass  fabric  filler.  .  e  associate  the  shift  of 
this  process  to  lower  t err  rera t ures  witn  increase!  looseness  of  packing  in  the 
surface  layer  in  accordance  with  uefs  7  -  1C.  Witn  increase  of  the  ]ow-r olecular 
impurities  in  the  specimens  (unreacted  initial  rronomers,  water  etc),  wr  ich  was 
observed  in  the  ccmoourid  based  on  butylacrylat e  and  acrylic  acid  (Fir  3,  b),  the 
shift  of  the  tan  £  maximum  to  higher  temperature'  was  considered;/  snakier  (8°), 
and  on  the  surface  of  the  g lass  fabric  filler  it  was  seen  to  oe  split-  up-  with 
relatively  symmetrical  neaks  shifted  in  oc^osite  directions  eaual  distances  about 
the  tan  S  maximum  in  bulk. 

In  the  compound  based  on  methylacrylate  and  acrylic  acid  the  amount  of  low-rnolecu 
lar  impurities  was  even  larger  (up  to  1.3:  when  determined  without  heating,  and 
4.8*  witn  heating,  see  Table),  which  led  to  a  sr.ift  of  the  relaxation  rrocess  of 
chain  segments  to  lower  temperatures  on  the  surface  of  the  glass  fabric.  In  the 
layer  on  the  surface  of  the  silica  flour  the  shift  to  higher  -temperatures  only 
amounts  to  6°  (Fig  3»  b). 

From  the  above  findings  it  follows  that  changes  of  molecular  mobility  in  the 
surface  layers  are  sipnificantly  influenced  by  the  presence  of  low-n olecular 
impurities  in  the  systems  studied,  and  also  by  the  tendency  of  the  filler  to 
adsorb  them.  Low-molecular  impurities  exert  a  plasticising  effect  on  the  oolvmer 
at  the  surface  and  shift  the  relaxation  process  to  lower  ter reratures,  thus 
reducing  the  effect  of  rigidi fi cation  of  the  chains  by  t.ne  surface,  or  ever 
totally  offsetting  it.  As  silica  flour  adsorbs  low-molecular  iirrurities  more  than 


mlass  faerie,  in  ail  cases  (Fig  3)  as  their  content  in  th ->  systems  studied  is 
increased,  the  shift  to  hieher  temperatures  is  decreases.  In  the  rlass  fabric  the 
greater  amount  of  impurities  in  the  boundary  layer  leads  not  only  to  a  smaller 
shift  to  higher  tempera  Lures  because  of  the  effect  of  the  surface,  but  also  to 
shifts  to  lower  t en.cerat ures  (Fig  3»  b).  The  influence  of  irr  ;  urities  on  the  course 
of  the  relaxation  processes  can  also  be  seen  from  data  on  spin-lattice  relaxation 
times  (fig  2). 

The  splitting  of  the  tan  S  maximum  which  we  detected  in  the  relaxation  process  of 
chain  seements  for  filled  polymers  (P*ig  b)  is  also  observed  in  tne  compound 
with  irethylr  ethacrylate  and  rrethacrylic  acid  (Fig  5,  a),  wh.re  in  the  ratio  of 
the  components  of  the  reaction  mixture  0*01  parts  of  dimetny laniline  are  taken 
instead  of  0.03*  This  srlitting  of  the  maximum  would  seem  to  be  due  to  inhorro- 
geneity  of  the  structure  of  the  boundary  layer  near  the  surface  and  a  short  dis¬ 
tance  away  from  it,  but  more  detailed  investigations  are  need o ct  to  find  the  true 
reasons  for  it. 

As  the  increase  of  low-n  olecular  impurities  is  not  so  noticeable  in  tr.e  system, 
witn  a  smaller  amount  of  dime thyianiline  (see  Table),  it  may  be  supposed  that 
oligomer  molecules  of  srralL  molecular  weight  are  formed  whicn  are  not  removed  by 
vacuum  treatment  and  which  act  as  a  plasticiser  for  the  oolymer  matrix,  so  that 
with  this  compound  we  do  not  observe  upward  temperature  shifts  of  the  relaxation 
process  of  the  segments  at  the  surface  of  the  solid  (Fig  3,  a). 

The  change  of  molecular  mobility  in  the  surface  layers  to  a  great  extent  defends 
on  the  presence  of  low-molecular  impurities  in  the  systems  studied.  The  nature 
of  the  surface  of  the  filler  affects  the  magnitude  of  the  excess  over  the  maximum 
amount  of  low-m  lecular  irrrurities  which  can  be  adsorbed  t\  the  solid  surface,  i.e. 
they  become  concentrated  at  the  surface  of  the  solid  due  to  adsorption  primarily  at 
the  interface.  Low-molecular  impurities  which  are  carable  of  exerting’  a  Plastici¬ 
sing  effect  shift  the  relaxation  processes  to  lower  temperatures,  thereby  parti- 
•11 7  or  totally  offsetting  tne  effect  of  tne  filler  surface. 

III.  Relaxation  processes  in  Heat-treated  Compounds 

be  carried  out  studies  of  molecular  mobilit*  in  heat-treated  compounds.  The  heat 


treatment  of  specimens  for  dielectric  measurements  involved  heating  steadily  fron. 
20  to  130°C  for  5  hours  with  maintenance  at  this  temperature  for  1C  minutes. 
Specimens  for  NMR  measurements  were  heat-treated  to  200°C  in  a  similar  way. 

Kigs  2,  a  and  3*  a  show  the  temperature  dependences  of  and  tan  $  for  compounds 
containing  methylmethacrylate  and  methacrylic  acid,  and  indicate  that  heat  treat¬ 
ment  shifts  the  relaxation  process  to  hig* er  terperatures,  the  shifts  amounting 
to  40  -  50°.  here  the  values  of  tan  £  are  not  signif icantly  reduced.  This  is 
associated  with  the  process  of  cross  linking  at  deeper  stages  involving  -OH  groups 
and  possibly  unreacted  -C00H  groups. 

The  study  of  filled  systems  has  shown  that  in  a  heat-treated,  more  rigid,  compound 
the  shift  of  the  tan  S  maximum  in  the  surface  layer  is  reduced  (being  1?°),  whilst 
in  a  non-heat-treated  one  the  shift  is  21°.  This  supports  our  conclusions  that 
for  a  more  flexible  polymer  constraint  of  molecular  mobility  by  the  surface  is 
greater  (kef  11)  than  it  is  with  more  rigid  macrochains. 

Conclusions 

1.  A  study  has  been  made  of  the  dielectric  and  spin-lattice  relaxation  of  cold¬ 
setting  acrylate-epoxy-styrene  compounds.  The  existence  of  three  relaxation  pro¬ 
cesses  has  been  demonstrated. 

2.  It  has  been  found  that  for  acrylate-e ooxy-styrene  compounds  rigidif ication  of 
the  polymer  chains  in  the  surface  layer  occurs  on  surfaces  of  various  kinds. 

3.  Changes  of  molecular  mobility  in  the  surface  layers  depend  to  a  gre=»t  extent 
on  the  presence  of  low-molecular  impurities  in  the  surface  layer.  A  low-molecular 
impurity  capable  of  exerting  a  plasticising  effect  shifts  the  relaxation  processes 
to  lower  temperatures,  partially  or  totally  offsetting  the  effect  of  the  substrate 
on  molecular  mobility. 

4.  Studies  of  heat-treated  filled  systems  have  shown  that  with  increasing  chain 
rigidity  the  magnitude  of  the  constraint  exerted  by  a  solid  substrate  on  molecular 
mobility  diminishes,  i.e.  the  more  rigid  the  macromolecules,  the  less  they  are 
rigidified  by  the  surface  of  the  filler. 


deceived  27.5.72 


rthFfchte^CaS 


1.  Fa  ken  A.K.  Lpoksidnye  soyedineniy  a  i  epoksidnye  sroly  (r^oxv  compounds  ini  ) 

eooxy  resins).  Goskh  imiziat ,  1962,  9b4  o.  ! 

2.  nharoer  bh.  Zalivka  elektronnovo  oborudovaniye  sinteti cheskiri  sm  olai  i(  »  otting 

electronic  equipment  in  synthetic  resins^  l ioscow-Leningrad ,  ''^ners- iyaM ,  1964, r.  i 

3*  Chernyak  K.I.  epoksidnye  hor.oaundy  i  ikh  irineneniye  (  ^  ox.;  cor  ouncs  and 
their  use),  ou do prom  viz ,  i?‘;3,  2b4  p. 

4.  Kedvedev^  :.A.  et  al.  t.  t  verzhdeniy  e  na  kholodu  ecoksi  nolief  irnvkh  srol  (  ^oid 
setting  of  epoxy -ool.v  ester  resins).  nilastich.  massy",  I?b4,  v  lv,Lo  ;• ,  r  17-19* 

5 .  't  ukhnovs^i  i  G.x..  Fooen^er  Kuznetsova  7.K.  vh  etoksi  dno-akr  j  la  t  ny  xh  ^cr>- 

raudakh  'rrol.dnovo  ot  v°r/r  tieniya  (Cold-set  tint’  eooxy-arry  la  to  c^moounds ) . M  lasticn. 

ras-’v",  lob2,  v  14,  -  o  9$  o  14  -  lb. 

b.  r.uznetsova  V.  h.  Author’s  abstract  of  thesis.  Kharkov,  196.“,  ?C  r,. 

7.  Lioatov  Yu.S.,  Fabulyak  F.U#  Issledovaniye  me  Lekulyarnoi  rodvlz^nosti  v  •  overkh- 
nostnykh  slo.yakn  rolimetilmet.okri  la  ta  i  noli stirol a  .  rrrti.isnyi  metodcr*  valernovo 
r:;ai?ni  tnovo  rezonariso  (otudy  of  molecular  rr  ofcilitv  in  surface  lavers  of  no :  yr  ethyl  - 

methacrylate  and  polystyrene  hv  c-ulse  method  of  lxuclear  magnetic  res  nance). 

,,'/ysoKomolek .  soyo Jireniya " ,  1968,  v  (A)X,  v  1 62  6  -  1612. 

.  i-i  ratov  'ru.G.,  ^abulyak  P . G  .  Issledovar iy c  mol  eKil.yarnoi  rod v:  zr: no  st .1  v  ver  t 
nostnykh  slova-h  socclimer  •  retilrnetakrilata  so  stiroion-  (Study  of  molecular  m ooi- 
litv  in  surface  lasers  of  a  co>  olymer  of  rrethylrretiracrvlate  and  etvrene^.  "dycokc- 
rolek.  soyed ineniya11 ,  l£ib9,  v  U)ZL,  y  70-  -  71b. 

9*  Fabulyak  Li'atov  fu.-j.  Is  >1 dovaniye  rrolekulvarnoi  nodvizhnort  i  v  ■  :-ver.  -  - 

nostnykn  slovaKh  ooliuretanov  (study  cf  Molecular  mobility  in  surface  layer  of 
coly urt  the  nee } .  "Vysokorrolek .  soyedineniya”,  19?1-',  v  (a)AII,  n  ?*s  -  7/2. 

lC.iiiratov  Yu.i.,  babulyak  2.6.  Spin-reshetoch  na.v  a  rela xsa t si ys  rrotonov  v  roverKh- 
nostnykh  slo.yaKh  oligodietilenglikoladipinata  ( c pin-la t tice  relaxation  of  protons 
in  surface  layers  of  oli rediethy leneglycol  adiainate).  In:  .  overKhnost ■  ve  yavleniya 
v  polirerakh  (  urface  effects  in  polymers),  i  iev,  "ftauitovs  dunka  ",  1^7(  ,  o  I?-19* 

11.  Lioatov  iu.G.,  H’afculvak  t*.0.  C  relaksatsionnyku  nrotsessakn  v  :  overkhnos;  nv  xti 
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-  ip  1  •  Temperature  dependences  of  tsn  £  in  cor  nounds  based  onj 
1  -  styrene,  :•  ethylmethacryla t e,  methacrylic  acid  an i  ril-t,;  2  -  styrene ,  nutyl 
acrylate,  acrylic  acid  an-  ;.D-6;  3  -  styrene,  methylacrylate,  acrylic  acid  and 
4  *  styrene,  rretny  lrretr  acrylate ,  methacrylic  acid,  r.  ;-6  and  witn  C.C.1  pa 
by  weight  of  diirethylaniline  instead  of  C.C3  (as  used  in  comnounris  1-3). 


fir  2*  Temnerature  dependences  of 

a)  for  compounds  containing  :  1  -  metnylmethacry late  and  methacrvlic  acid; 

2  -  butylacrylate  and  acrylic  acid;  3  -  compound  cont^ininr  methylmethacrylate 
and  methacrylic  acid  with  silica  flour;  4  -  wit  a  plass  fabric;  5  -  heat-treated 
coiroound containing  methylmethacrylate  and  methacrylic  acid; 

b)  with  butylacrylate  and  acrylic  acid:  1  -  pure  comcourd;  2  -  with  silica  flour; 

3  -  with  glass  fabric. 


Fig  3*  Tern  r  era  t  ure  deoenaences  of  tan  S: 

a)  for  compound  containing  ft  ethy lmethacryla  te  and  methacry lie  acid:  1  -  com¬ 

pound;  2  -  witn  silica  flour;  3  -  with  glass  fabric;  compounds  containing  metr.yl- 
methacryla  t e  and  methacrylic  acid  (with  w.Cl  rants  oy  weight  of  dim et; ylsnilire ) : 

4  -  pure  cor  found;  3  —  witn  silica  flour:  t  -  with  glass  fabric;  heat-treated 
compounds  containing  methylmethacrylate  ana  rnethacrylic  acid  (O.03  oarts  by  wt .  ol 
dimethylaniline ) :  7  -  mire  confound  after  heat  treatment:  2  -  compound  with  silica 
flour  after  heat  treatment; 

b)  for  corroounds  containing  butylacryla te  and  acrylic  acid:  1  -  riure  cor  round; 

2  -  with  silica  flour;  3  -  with  glass  fabric;  corrnounds  containing  methylacrylate 
and  acrylic  acid:  4  -  rure  compound;  5  -  witn  silica  flour;  6  -  with  glass  fabric. 
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